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Appl. No. 09/465,396 

Amdt. dated Dec 03, 2004 

Reply to Office Action of Oct 1 9. 2004 

ATTiendments to aalms: 

The listing of claii3fts will replace aU prior versions, and listing, of claims in the 
application: 

41 . (previously presented) A method of making a directional microphone apparatus 
with a steerable beam, comprising: 

providing a microphone array; 

providing a diffracting structurB within said microphone array to increase the 
effective path length across said array, said microphone array and diffiacting structure 
being associated with a characteristic sound field describing the properties thereof; 

determining the £ound field around said array and said diffracting structure; and 
providing a processor programmed to process signals &om individual 
microphones in said microphone array to create a stcerable beam, said signals being 
weighted according the location of said individual microphones and the determined 
properties of said sound field. 

42. (previously presented) A method as claimed in claim 41 , wherein said diffracting 
structure is constructed so that surface waves can form over its surface and thereby 
modify the travel time of sound waves across said array. 

43. (currently amended) An apparatus metliod as claimed in claim 44-69, wherein 
said diffracting structure is located within a space confined by said microphones of said 
microphone array, 

44. (currently amended) A method as claimed m claim 45^, wherein said sound 
field is determined by identifying a point source in a space around said diffracting 
structure, and calculating the sound field around said microphone structure from the field 
generated by said point source. 

45. (previously presented) A method as claimed in claim 44, wherein said sound field 
is determined by solving an acoustic wave equation to determine the sound pressure over 
said diffracting surface. 

46. (jpreviously presented) A method as claimed in claim 45, wherein said acoustic 
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condition for said diffecting structure is given by the equation 



wherein n is the outward unit normal and P is the noimalized specific admittance. 

49. A method as claimed in claim 4847, wherein the solution to said acoustic wave 
equation is evaluated at each microphone position. 

50. A n apparatus method - as claimed in claim 4969. wherein stcerablc beam directions 
for said array are created by combining signals from each of said microphones based on 
5a4d-5olutions to an acoustic wave equation evaluated at each microphone position. 

51. A method as claimed in claim 50, wherein said signals are combined with time 
delays that depend on the solutions to said acoustic wave equation evaluated at the 
respective microphone positions. 

52. A method as claimed in claim 5 1 , wherein the signals from different microphones 
are weighted by optimizing the expression 



where 

E(G(w)) is the expected gain, 

Om^ is the variance of the magnitude fluctuations due to microphone tolerance, 

is the variance of the phase fluctuations due to microphone tolerance, 
R,« is a signal correlation matrix, 
Rm is a noise correlation matrix. 

Wo, is a nominal value vector of weights assigned to each microphone in the array, 

53. A method as claimed in claim 52, wherein said signal correlation matrix R«s is 
derived from the equation 




and $ajd noise correlation matrix is derived from the equation 
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Rte is a sigDal correlation matrix, 
Rnn is a noise correlation matrix* 

Wo, is a nominal value vector of weights assigned to each microphone in the array. 

53. (previously presented) A method as claimed in claim 52, whejein said signal 
correlation matrix R„ is derived from the equation 

and said noise correlation matrix is derived from the equation 

54. (previously presented) A method as claimed in claim 52, wherein said expression 
is optimized by maximization. 

55. (previously presented) A method as claimed in claim 5 1 . the surface of said 
diffracting structure is configured to modify the acoustic impedance thereof 

56. (previously presented) A method as claimed in claim 55, wherein the surface of 
said diffracting structure is provided with surfece damping. 

57. (previously presented) A method as claimed in claim 55, wherein the sxirface 
impedance of said diffracting structure has a spring-like reactance to enhance the 
propagation of surface waves. 

58. (previously presented) A method as claimed in claim 55, wherein the surface of 
said diffiracting structure has an open-cellular structure. 

59. (previously presented) A method as claimed in claim 5S, wherein the lateral size 
of the cells forming said cellular structure is a fraction of the wavelength of the sound. 

60. (previously presented) A method as claimed in claim 59, wherein the microphones 
are located in said cells away from pressure nodal points. 

61 .(currently amended) A fljipparatus method as claimed in claim ^73^ wherein 
said diffracting structure is in the fomi of a body with upwardly and outwardly sloping 
side walls, and said microphones are located at said side walls so that sound waves 
propagating across said array must travel around said body, or outwardly and over the top 
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of said body. 

5362. (cuircntly amended) An apparatus - flaethed-as claimed in claim 61 , wherein said 
body is in the foim of an inverted cone or fhisto-cone. 

63. (previously presented) A method of steering a beam in a directional microphone 
apparatus having a microphone aixay and a diffracting structure within said microphone 
array to increase the effective path length across said array, comprising: 

receiving signals from individual microphones in said array; and 

combining said signals to fonn a steerable beam based on a predeteimincd sound 

field that takes into account the free space properties of said array and the effects of said 

diffracting structure. 

64. (previously presented) A method as claimed in claim 63, wherein said signals are 
combined with a time delay that takes into account tlie propagation times across said 
array and the effects of said diffracting structure. 

65. (previously presented) A method as claimed in claim 64, wherein said signals are 
summed to form a steerable beam, 

66. (previously presented) A method as claimed in claim 65. wrherein said signals are 
weighted prior to being summed. 

67. (previously presented) A method as claimed in claim 64, wherein the time delays 
are set according to the equation 

a)Tm=-arg[F(r„,r,)] 

68. (previously presented) A method as claimed in claim 63, wherein said diffracting 
structure is a sphere and sound field is determined in accordance with the equation 

F(r,r^)- ic£ (2n+l)P„(cos>,i)h(,'>(kr>)[j„(kr<)-a„hJ,*^(kr<)] 

n= 0 

-5 - 



PkOE 10/19 * RCVD AT 12I6/20O4 1 :49:38 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/5 * DNiS:8729306 * CSID:613 230 8S21 ' DURATION ([nin-$s):05-26 



12/06/04 14; 44 FAl 613 230 8821 MARKS & CLE RK ©Oil 



AppL No. 09/463,396 

Amdt dated Dec 03, 2004 

Reply to Offic© Action of Oct 19, 2004 

where y is the angle between vectors r and /*„ is the Legendre polynomial of order «, 
y„ is the spherical Bessel function of the first kind and order n, is the spherical 
Hankel ftinction of the first kind and order n, r< = min (r, ro), /», r. - max (r, ro), and 

a„ =jn'(ka>/h(*^'(ka) 

69. (previously presented) A microphone apparatus with passive beam steering, 
comprising: 

a microphone; 

a diffracting stnictuie within a space confined by said microphones of said 
microphone array to increase the effective path length across said array, said micrc^hone 
array and diffracting structure being associated with a characteristic sound field 
describing the properties thereof; and 

a processor programmed to process weighted signals from individual 
micix>phoTies in said microphone array to create a steerable beam based on the location of 
said individual microphones and the predetermined properties of said sound field taking 
into account the modifying effect of said dif&acting structure. 

70- (previously presented) An apparatus as claimed in claim 69, wherein said 
diffracting structure is constructed so that surface waves can form over its surface and 
thereby modify the travel time of sound waves across said arr^, 

71 . (previously presented) An apparatus as claimed in claun 69, wherein said 
processor combines said signals with a time delay that takes into account the propagation 
times across said array and the effects of said diffracting structure. 

12. (previously presented) An apparatus as claimed in claim 71, wherein said 
processor is programmed to sum said sigiials to form a steemble beam. 

73. (previously presented) An apparatus as claimed in claim 72, wherein said 
processor is programmed to weight said signals prior to summing them. 

74. (previously presented) An apparatus as claimed in claim 72, wherein the time 
delays are set according to the equation 
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75. (previously presented) An apparatus as claimed in claim 74, v^herem said 
diffiacting structure is a sphere and said sound field is determined in accordance with the 
equation 

F(r, r,) = iC £ (2n+ 1 )P,(cosv) lii^^(kr>) [ j„(kr<) -a„h<,^>(kr<)] 

n= 0 

where >K the angle between vectors r and la. Pa is the Legendre polynomial of order 

is the spherical Bessel function of the first kind and order ho*^' is the spherical 
Hankel function of the first kind and order n, r< = min (r, ro)» n, t = max (r, ro), and 

a„ ='j„'(ka)/hC^>^(ka) 

76. (previously presented) An apparatus as claimed in claim 69/ wherein the surface of 
said diflhicting structure is configured to modify the acoustic impedance thereof. 

77. (previously presented) An apparatus as claimed in claim 76, wherein the surface of 
said diffracting structure is provided with surface damping. 

78. (previously presented) An apparatus as claimed in claim 76, wherein the surface 
impedance of said diffracting stmcture has a spring-like reactance to enhance the 
propagatioii of surface waves. 

79. (previously presented) An apparatus as claimed in claim 76, wherein the surface of 
said diffracting structure has an open-cellular stmcture. 

80. (previously presented) An apparatus as claimed in claim 79, wherein the lateral 
size of the cells forming said cellular structure is a fraction of the wavelength of the 
sound. 

81 . (previously presented) An apparatus as claimed in claim 80, wherein the 
microphones are located in said cells away from pressure nodal points. 

82 . (previously presented) A method of improving a performance of a microphone 
array confining a diffracting structure by determining weights to be assigned to each 
microphone in a microphone array when processing an input from each microphone, 
the method comprising: 
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(a) determijiiTig an expression for an expected gain of said array> said 
expression being dependent on said weights assigned to each variable representing an 
input from a microphone, and 

(b) maximizing said expression, 

wherein said expression also contains variables representing a variance of 
magnitude fluctuations from inputs from said microphone and a variance of phase 
fluctuations from said inputs from said microphone. 

83. (previously presented) A method as in claim 82 wherein said expression is: 

E{Gc<»)} = ^ ; ~ ~~ 

e"°J ( WD"R„„Ca)) Wo )+ (j - e'*" + o« JtWo"dlagCR^c w)) Wp) 

where 

E(G(w)) is the expected gain, 

Gjn^ is the variance of the magnitude fluctuations due to microphone tolerance, 
Cp^ is the variance of the phase fluctuations due to microphone tolerance, 
Rjs is a signal correlation matrix, 
R,m is a noise correlation matrix, 

Wp, is a nominal value vector of weights assigned to each microphone in the array. 

84. A method as in claim 83 wherein step (b) is accomplished by setting the vector 
Wo> equal to the eigenvector which corresponds to the maximum eigenvalue of the 
symmetric matrix 

where 

A - ^e"'^]ft„„(Qi) + (l - fi'^' + o™)liaE(R„„(C0))] 

85. (currently amended) A microphone apparatus as claimed in claim 69, wherein 
signals from said microphones are processed using the following method: 

(aa) determining an expression for an expected gain of said array, said expression 
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being dependent on weights assigned to each signal ftom a microphone in the amy. ^ 

(ab) determining th e o ptimnm m icrophone weights that maxinuz£iftg said 
expression, 

fac^ applying weights to said microphone sig nals, and 

fadi summing the weighted microphone signals^ 

wherein said expression also contains variables representing a variance of 
magnitude fluctuations from inputs from said microphone and a variance of phase 
fluctuations from said inputs from said microphone. 

86. (previously presented) A microphone apparatus as claimed in claim 85 wherein 
said expression is 

e-'^rCW„"R„(to)Wo)+ fl -c"^'^ <^)w,"diae(R„(iD})Wo) 

E{Q(a))> = * ; ^ 

c"'^(W5"ll^<«)W,) + - e"°» + JtWo"(Hag(R„„«D)) Wo) 

where 

E(GCw)) is the expected gain, 

Oa^ is the variance of the mafinitude fluctuations due to microphone tolerance, 
CTp^ is the variance of the phase fluctuations due to microphone tolerance, 
Rm is a signal correlation matrix, 
R„n is a noise correlation matrix. 

Wo, is a nominal value vector of weights assigned to each microphone in the array. 

87. (crrently amended) A microphone apparatus as claimed in claim 86 wherein 
step (abad) is accomplished by setting the vector Wo equal to the eigenvector which 
corresponds to the maximum eigenvalue of the symmetric matrix 

where 

A = (c"^Rt»>(£0) + - e"^' + oi)jia6(R™(to))] 
B = (e''^'R«(ai)+(l -c"'^ + oi)dias(R„((ii))^ 
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88. (previously presented) A method of determining the opUmum weights to form a 
beam for signals from an airay of microphones confinine a diffracting structure, 
comprising steps pfi 

generating solutions of the form p(r) = for a source at position ro to a wave 

equation of the form + " ^Cr-ro); 

for a selected talker position, calculating signal components received at each 
microphone; 

forming a vector of said calculated signal components and determining signal 
power and the signal correlation matrix R^; 

for noise sources at many different positions determining the noise components at 
each microphone in the array; 

fotming a vector of said noise components and determining the noise power and 
noise correlation matrix Rnn; and 

generating optimum weights for said microphones based on said calculations. 

89.(ciirrentiy amended) A method as claimed in claim 88, further comprising 
specifying the magnitude and phase of microphone gain tolerances and obtaining the 
optimal weight vector Wo by maximizing the expectation value of the gain in the 
equation 

c"''(Wo"R„[ifl> Wo) + (l - e"*^' + <^)Wo "diag(R„(to))Wp) 
E{G(o>)} ° ^ — ; ^ ' 



where 

E(G(w)) is the expected gain, 

<5m is the variance of the magnitude fluctuations due to microphone tolerance, 

is the variance of the phase fluctuations due to microphone tolerance, 
Rss is a signal correlation matrix, 
Rnn is a noise correlation matrix, 

Wo, is a nominal value vector of weights assigned to each microphone in the array. 
90.(new) An apparatus as claimed in claim ^87, wherein said signal correlation matrix 
Rss is derived from the equation 
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R„(fl)) = J?{S.5"}/a2 
and said ijoise correlation matrix is derived from the equation 
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